Abstract. Coupling and mixing between photons and low-mass bosons is well considered in the literature, including the coupling of photons with hypothetical gravitons. In particular, we are concerned with the direct conversion of gravitons into photons in the presence of an external magnetic field. We examine whether such a process could produce direct lowfrequency radio counterparts to gravitational-wave events that share the gravitational-wave spectrum. Our work differs from previous work in the literature in that we demonstrate that such a counterpart to a binary neutron star merger would be visible out to a distance of 50 Mpc with a hypothetical lunar array telescope (which is no longer science fiction). A very small probability exists of observing a counterpart with SKA-LOW, but only for distances less than 10 Mpc. Furthermore, we show that, for the case when no detection is made by either SKA-LOW or a lunar array, a lower bound, competitive with those from Lorentz-invariance violation, may be placed on the energy-scale of quantum gravitational effects. This direct conversion mechanism is valuable since it provides a means of studying the graviton-photon coupling, thereby providing a low-energy window onto high-energy physics in the domain of quantum gravity.
Introduction
Electromagnetic counterparts to gravitational-waves were well considered in the literature [1] [2] [3] [4] [5] [6] prior to the first detection of compact mergers by the Laser Interferometer Gravitationalwave Observatory (LIGO), made in September 2014, and produced by the merger of two black holes. Furthermore, this correlation was considered by [7, 8] following these events. It wasn't until the discovery of counterparts associated with the fifth LIGO event [9] detected in August 2017, that the field was revived as scientists poured over the new data obtained. The successful detection was only possible due to an immense, well coordinated, global collaboration. This GW170817 event was the first detection of a binary neutron star merger, and was long hoped for since such events were expected to form a kilonova and collimated outflows, called jets, which result in electromagnetic counterparts.
Emissions across the entire electromagnetic spectrum were detected [10] , thus heralding the dawn of multi-messenger astronomy. This includes the observation of radio emissions in the broad band afterglow occurring when the gamma-ray burst interacts with the interstellar medium [11] . However, there remains the mystery of what physical processes underpin the production of the electromagnetic counterparts which we observe. In this work, we approach this problem from a different angle using the idea that gravitational-waves can themselves directly generate plausibly detectable low-frequency radio counterparts while propagating from their source to Earth.
The idea that gravitational degrees of freedom may be converted into electromagnetic degrees of freedom is not a new one, see for example: [12] [13] [14] and [15] . Interest in this subject resulted in the need to find an indirect means of measuring gravitational-waves and also arose out of studies considering axion-photon mixing [16, 17] . For example, early studies involved the scattering of electromagnetic fields off time-dependant gravitational fields, showing that there was a possible coherent interaction between linear gravitational-waves and electromagnetic waves in which energy could be transformed from one degree of freedom to the other [18] . Such conversions taking place inside an external magnetic field could be extremely bright, even if a small percentage of the gravitational-wave pulse is transformed [15, 19] . Modern calculations include considerations about plasma frequency and QED corrections [7] , see also [8, 12] . As mentioned in [7] , these articles dealt with the graviton-photon conversion at high frequencies ω/(2π) which exceeded the plasma frequency, ω p /(2π), of the surrounding and intervening medium. This is problematic since typically the plasma frequency is approximately equal to 10 kHz √ n e , where n e is the electron number density, furthermore, the frequency of gravitational-waves is usually less than 10 kHz √ n e . It makes sense then, that higher frequencies were considered since low-frequency waves do not propagate through plasma. For the case of LIGO events concerning merging black holes, being roughly 20 -30 M , the realistic gravitational-wave frequencies were approximately 100 -200 Hz. In [7] , they consider the possibility that the energy transition from gravitational-waves into electromagnetic waves may still be possible despite their low frequency. In particular, they show that gravitational-waves travelling through a high-frequency plasma and non-zero magnetic field continue to transform some of their energy into non-propagating plasma waves which heat up the surrounding plasma, thus leading to a noticeable release of electromagnetic radiation. In this work, they use an asymmetric conversion regime for which conversion from photons into gravitons is less probable given that the wave vector for this solution is purely imaginary, corresponding to the damping of the electromagnetic wave travelling in the plasma with frequency higher than that of itself. The authors conclude that the graviton-photon conversion mechanism studied can hardly account for plasma heating in LIGO black hole merger events.
A further interesting paper is that of [8] where they considered the effects generating dispersion and coherence braking of the electromagnetic waves. Therein they obtained the energy power and energy power fluxes for quasiperpendicular external magnetic fields in the gravitational-wave propagation direction. The authors found that the energy power was large, but that the fluxes remained faint, as would be seen on earth. They considered waves with ω > ω p , making the graviton-photon mixing for gravitational-waves of less than a few hundred Hertz less appealing. They noted, however, that the calculated plasma frequency through which the waves travel depends on the line of sight, producing varying frequency cutoff's. Finally, they conclude that the detection of this graviton to photon mechanism is unlikely to be made on Earth or in interplanetary space due to the large cutoff frequencies. They suggest that detection is only probable outside of the solar system. We show that this is not necessarily true.
Our proposal uses the idea that gravitational-waves may be converted into electromagnetic waves following the mechanism laid out in [12] . Extending this mechanism, beyond the treatment of axions, to gravitons implies that the gravitational field is quantized. Therefore, this model also provides a potential way to probe quantum gravity and its associated energy scales. Using the characteristics of relatively well studied environments, such as the known external magnetic field, the environments characteristic size and a phenomenological energy scale M , we can compute the transition probability that gravitons are converted to photons in the weak mixing limit. It is not our aim to repeat the works reviewed in this section, we are not dealing directly with the technicalities faced therein. We simply suggest a model, that assumes that the graviton to photon mechanism is plausible, we then perform some back of the envelope calculations to determine whether a detection might be possible in the neighbourhood of Earth, i.e. on the Moon. Supposing that it may be possible to find the parameter M through observation of the electromagnetic spectrum corresponding to the gravitational-wave event, we may then compare its value to the phenomenological M P l = c/G = 1.22 × 10 19 GeV/c 2 , the Planck mass, as is widely used in the literature as an expected energy scale for the appearance of quantum gravitational effects. In this way, a bound may be placed on any deviation of the energy scale of quantum gravitational effects M from that of the Planck mass. Furthermore, such an observation could determine the existence of the graviton and therefore that the gravitational field is quantized. Additionally, since no electromagnetic counterparts are expected to accompany binary black hole mergers, only kinematic properties may be inferred from such events [20] . Herein lies a further avenue which may be probed using the mechanism for converting gravitons into photons. Providing us with a unique source of information regarding black holes.
Our means of analysis is to make a phenomenological extrapolation of a numerically determined gravitational-wave spectrum produced by a binary neutron star merger. We then determine how much the detectability of the resulting counterpart photon spectrum depends upon the parameters of the extrapolation, which is justified in that it accounts for both scenarios encountered in the literature: mode decay and the contribution of higher order modes extending the spectrum to higher frequencies. If the dependence is strong we conclude that detection is improbable without significant fine-tuning of the extrapolated spectrum. On the other hand, if the counterpart's detectability is largely independent of the choice of parameters, we take this to indicate that detection would be a strong possibility: in that, the extrapolation to detectable frequencies can be made far more naturally. To make the observations mentioned above, we consider a radio array on the far side of the moon and consider the cases: 100 and 1000 antennas. The far side of the moon is shielded from the interference from Earth and is thus preferable for conducting very low-frequency radio experiments. Considerations for building telescopes on the moon are already under way and have been considered in the literature 1,2 [21] [22] [23] . Furthermore, we consider the transition probabilities required for a detection with the low-frequency Square Kilometre Array (SKA-LOW). Although the first attempts to search for these counterpart signals can be performed with the SKA-LOW, we find that a detection would require a considerably fine tuned behaviour with regards to the extrapolation of the gravitational-wave spectrum from neutron stars merger, and may be completely impossible in the most pessimistic scenario. This is largely due to the fact that the transition probabilities required for high detection probabilities with the SKA-LOW are too high to be supported by any well known environments. Very large magnetic fields, in addition to large intervening structures would be required. However, reasonable transition probabilities result in an achievable measurement using a lunar array. We consider these realistic values of the transition probability for two environments: the intra-cluster medium (ICM) of the Coma cluster and the intergalactic medium (IGM). Even if a very small fraction of gravitons are converted into photons, a radio telescope on the moon would be likely to detect the emissions since they possess a sufficiently high flux, [15] discuss this point as well.
In this work, we demonstrate that, for neutron star mergers, graviton-photon conversion emissions in the radio band are potentially detectable for various realistic transition probabilities. These radio emissions will have the same spectral shape as the original gravitational-wave spectrum due to the relationship between the graviton and the photon, i.e. both particles are massless with the transition between the states being one-to-one. That is, real gravitons are converted into real photons in a one-to-one manner. Mediating the conversion is a virtual photon which is supplied by the external magnetic field, whose presence is necessary for spin conservation. Furthermore, the flux of the resulting photons will differ, in amplitude, to the source flux of gravitons by the factor p, the transition probability, which is the fraction of gravitons converted into photons through the aforementioned mechanism.
For the case where an event is detected by LIGO, has a suitable conversion environment on the line of sight, but is not detected by SKA-LOW or the hypothetical lunar array, we may also place a lower limit on the size of the scale M by considering the largest M attainable when detection does not require significant fine-tuning. We also compare our results to Lorentz invariance violation constraints and find that we produce competitive limits with respect to the results in [24] .
Having established that detectable radio waves can result directly from gravitons produced in the associated gravitational-wave event a localization of the gravitational-wave event naturally follows. This is because the radio waves are coming from the same region, and electromagnetic signals are simpler to localize compared to gravitational-waves. It must be noted that, through this direct conversion, there may be some quantifiable delay between the radio emissions and the gravitational-waves arriving at the observer as, despite both gravitons and photons being massless [9] , the plasma present in astrophysical media creates a refractive index different from the one for the propagating gravitons [25, 26] .
This paper is structured in the following manner: After the introduction, section 2 discusses the model we use to formulate our study. Section 3 considers the construction of a lunar array in an optimal setting. Section 4 presents our results and discussion with the conclusion presented in section 5.
Model
Our model uses the spectrum for gravitational-waves resulting from a merging binary neutron star system found in [27, 28] . In this model the stars have equal masses of 1.5 M at a separation of 42.6 km. The resulting remnant is a low-mass black hole of about 2.8 M . The total energy radiated away as gravitational-waves, in less than 3 ms, is ∆E GW ∼ 3 × 10 51 erg. Now let us suppose that part of the radiation emitted as gravitational-waves, is converted into electromagnetic radiation via the conversion of gravitons into photons, as described below in Section 2.1. We denote this fraction by p = E EM /E GW , called the conversion probability, or conversion fraction. Then E total = E GW + E EM = (1 + p)E GW .
The mechanism
Here we summarize some of the details of the conversion mechanism described in [12] , which illustrates the possibility for a low-mass (or zero-mass) particle to be created from a photon (spin-1) passing through an external magnetic field, and vice versa. This formalism is applicable to the case of gravitons, which have spin-2. Conversion requires the presence of an external magnetic field supplying one virtual photon in order to satisfy symmetry constraints, thus conversion of real gravitons to real photons is one-to-one, as the second photon in this interaction is virtual.
Furthermore, the strength of the mixing S M is
where θ is the mixing angle. We consider here only the well known weak conversion(or mixing) limit, in which the characteristic oscillation length, from graviton to photon and back, is much longer than the length scale considered, implying that θ 1 and that a very small fraction of photons will be converted back into gravitons. This may be illustrated by considering the critical energy E c [25] . Energies much larger than E c indicate the strong mixing regime. The critical energy is calculated as follows:
where ω p is the plasma frequency, B e is the external transverse magnetic field and g is the interaction strength. The plasma frequency is calculated as follows [25] ω p = 2π × 10
where n e is the electron density. For the IGM, ω p ∼ 10 −2 MHz, B e ∼ 10 −9 G [29, 30] . This yields a critical energy of E c ∼ 10 5 GeV. The energies we are working with are given by E = hν, where ν ∼ 10 5 Hz, i.e. the lower end of the radio band. Then for this case of the IGM, E ∼ 10 −19 GeV. Therefore we are well below the critical energy and the strong mixing regime, so that applying the weak mixing limit is not a problem. Similarly, for the Coma ICM with ω p ∼ 10 −3 MHz, B e ∼ 10 −6 G [31], we find E c ∼ 1 GeV. So we are still below the strong mixing regime. For both cases we have used g ∼ 10 −19 Gev −1 .
The spectrum
Using the spectrum found in [27, 28] , which we label as S gw (ν), we perform a power law extrapolation for frequencies ν > ν f where ν f = 50 kHz is the largest frequency reached by [27, 28] , simulating up to 7 modes contributing to the gravitational-wave spectrum 4) so that the complete extrapolated spectrum is given by
where α is the power law index and ν c is the cut-off frequency. The choice of using a power law with a cutoff may be explained as follows: a cutoff is applied because we know that the quasi-normal modes decay exponentially according to [27, 28] . Furthermore, we require a power law to account for the fact that higher order modes may extend the spectrum [18] , also seen in [27, 28] . Therefore, this extrapolation provides a parameter space of α and ν c that effectively considers a large variety of scenarios for the extension of the gravitational wave spectrum to higher frequencies. The magnitude of the multi-order extrapolation is justified in that it deals effectively with the cases of quasi-normal mode decay (i.e. where ν c ν f ) as well as the potential contribution of high order modes where ν c > ν f . We normalise S gw,ex (ν) as follows: we require that E GW is the energy emitted from the source at a luminosity distance d L over a time ∆t = 3 ms and use this to determine the flux at Earth. This power law is applied to the tail of the spectrum using the matching condition: S gw (ν f ) = S(ν f ). Furthermore, pS(ν f ) will then represent the spectrum obtained from the conversion of gravitational-waves into photons. The values α and ν c provide us with the parameter space which allows us to determine the detectability of the electromagnetic counterparts with a radio telescope on the moon or with SKA-LOW. Note that this is a phenomenological extrapolation because it is difficult and beyond the scope of this work to calculate these spectra directly at frequencies high enough for radio-band detection. In order that the exact details of the extrapolation don't bias the results, we will draw conclusions based on how insensitive the detection potential is to the choice of extrapolation parameters.
Conversion probabilities
The fraction of gravitational radiation converted into photons depends, in addition to the external magnetic field, on the distance travelled by the gravitons and the interaction strength M . As already mentioned above, we consider the weak mixing limit which leaves us with the following form of the transition probability [12, 25] 
where B e is the external magnetic field component transverse to the propagation direction, d is the propagation distance and g is the interaction strength. The limit necessary to use this approximation is ensured by the weak magnetic fields and the small interaction strength g, that we will make use of in this work. These field magnitudes also negate the effects of quantum electrodynamics vacuum birefringence considered in [12] .
The IGM and the Coma ICM
The magnetic field in the large scale IGM is very small, around 1 nG, but with a very long coherence length of ∼ 1 Mpc [29, 30] . The distance, however, that the graviton has to travel through the IGM is therefore very large, order of ∼ 100 Mpc. The conversion probability is then given by
where B IGM ∼ 1 nG and the interaction strength is taken as 1/M P l = 0.82 × 10 −19 GeV −1 . Then, we find that p IGM (g → γ) ∼ 1.55 × 10 −16 .
For the Coma ICM, the magnetic field is larger by about three orders of magnitude, compared to that found in the IGM. However, the distance through which the gravitons may travel is much smaller, ∼ 4 Mpc [32] . The conversion probability for the Coma cluster is, using equation (2.7) with an averageB coma ∼ 1µG [31] , p coma (g → γ) ∼ 2 × 10 −14 . So the larger magnetic field compensates for the smaller travel distance.
Lunar telescopes: Are they just science fiction?
A perhaps not so well known fact is that proposals for lunar development are under way as plans to return to the moon have recently been announced [23] . Driven by the need to understand early universe physics such as the cosmic dawn, the International Lunar Observatory Association, in collaboration with Moon Express have announced plans for the first delivery of an international lunar observatory on the south pole of the moon by 2019 3 . The far side of the moon is the best place in the inner solar system to monitor low-frequency radio waves, to which the Earth is opaque [22] . Additionally, the far side of the moon shields the observatory from interference coming from the Earth. Therefore, whilst currently there is no telescope on the moon, we consider here some optimal specifications for a lunar array, that may in principle, detect electromagnetic counterparts to gravitational-waves.
Building a telescope on the moon
In this section we provide some details for designing an optimal lunar radio telescope. As a test case, we consider two set-ups: firstly, a configuration using N = 10 3 log-periodic dual-polarized dipole antennas with bandwidth b = 300 MHz, and secondly, the case with N = 100 antennas and the same bandwidth b. We calculate the minimum observable flux for the array as follows 4
where A e = λ 2 /4π is the effective collecting area and λ is the incoming wavelength. Here k B is the Boltzmann constant, τ is the integration time. The sky temperature is given by [21] 
We can see, in figure 1 , that a lunar array would be more sensitive than the SKA-LOW with a minimum detectable flux of roughly S min ∼ 0.5 × 10 −16 erg cm −2 s −1 . The curve, for a lunar array, has an expected break or kink in its uniformity due to the behaviour of equation (3. 2). In the aforementioned figure, we have computed both telescope sensitivities for a total integration time of τ = 1.3×10 −3 s in accordance with the emission time of the gravitationalwave signal [27, 28] . For the lunar telescope we consider two cases, one for N = 100 dipoles and the other for N = 1000 dipoles. The SKA-LOW itself will possess N ∼ 10 5 dipoles. The orange dashed line considers the conservative case of only N = 100 dipole antennas, and as can seen we achieve a lower sensitivity than the case of N = 1000 antennas given by the solid blue line. However, the setup is still more sensitive than SKA-LOW (green dashed-dotted line) with its larger array, by almost one order of magnitude at ν = 50 MHz, the lower end of the SKA-LOW bandwidth (i.e. 50 − 350 MHz).
Detectability
In order for these counterparts to be detected by an observer on Earth or on the moon, the frequency of these photons must be larger than the plasma frequency, ω p , of the environments through which they travel. This is to ensure that the photons are not absorbed by the intervening medium. For the Coma cluster (n e = 3.43×10 −3 cm −3 ) we have ω p ∼ 3.67×10 −3 MHz, whilst the IGM (n e = 3 × 10 −2 cm −3 ) has ω p ∼ 1.2 × 10 −2 MHz. For the same reasons, the photons must have frequencies higher than the plasma frequency of the atmosphere through which they travel to arrive at the detector. Whilst the moon has no atmosphere it does possess and ionosphere with n e ∼ 10 2 cm −3 [33] and therefore has ω p ∼ 0.62 MHz and the Earth (n e ∼ 10 5 cm −3 ) [34] 5 has ω p ∼ 19.9 MHz. The sensitivity profile for SKA-LOW may be found in [35] , whilst for the moon radio telescope we use the setup established in this section. The plasma frequency for the moon, as calculated above, is roughly 0.62 MHz. Therefore, the telescope operating frequency should start just above this value, and we chose to start at 1 MHz. Hence, the frequency range is 1 − 300 MHz.
Note that the photons we are considering are those that do strike the antennas after having passed through the moon's ionosphere. Therefore, they have also survived travel through the intervening space between the moon and gravitational-wave event.
Results and discussion
We provide the parameter space which indicates values of α and ν c for which detections may be possible within the bandwidths of SKA-LOW or a lunar array as described in section 3. That is, we study how the flux varies compared to the sensitivity of the detector. When the flux of the incoming photon is higher than the sensitivity of the detector, we have made a detection, the shaded regions of the parameter space are those in which detections are possible. SKA-LOW is represented by blue/dark shading and the lunar array by the green/light shading. Plots showing parameter space detection coverage were computed at a 5σ confidence level and will assume the energy scale of quantum gravitational effects is that of the Planck mass, making these results potentially conservative.
With regards to our choice of the parameter space, we require ν c to be larger than the final point in the spectrum in [27, 28] , but smaller than 100 MHz, above which ν c becomes irrelevant for SKA-LOW. Ultra-steep radio-band power-law indexes have been shown [36] to extend up until -2. In keeping with this we chose our parameter space to lie within α ∈ [−2, 0].
As we make use of a phenomenological extrapolation of the gravitational-wave spectrum from [27, 28] , we will discuss the implications of the results qualitatively. We are interested in the breadth of the detectable parameter space, rather than the specific model values for which signals will be detectable. This is to ensure that our conclusions are not strongly dependent on the choice of extrapolation. So we will examine how strongly detection of a signal depends on the choice of model parameters. A weak dependence will be taken to indicate that the signal is highly detectable, as it can be naturally extrapolated to detectable frequencies with little or no fine-tuning. Whereas, a requirement of very particular values for α and ν c will imply that detection is improbable, as significant fine tuning of the spectral extrapolation is needed to reach detectable frequencies. We make a reasonable apriori assumption that a detection requiring fine-tuning is less plausible the more fine-tuning that is required. Figure 2 shows the detectability parameter space for the conversion of gravitons into photons using N = 1000 antennas in the lunar array. The left three plots are for the case of p = 10 −13 and the right three are for p = 10 −16 . As one moves vertically down, the distance to the gravitational-wave source increases, the 3 values used are: 10 Mpc, 50 Mpc, and 100 Mpc. Note that the conversion probabilities we consider here are similar in magnitude to the conversion probabilities found for the real cases: the IGM and Coma ICM. Figure 3 follows the same formatting but has N = 100 antennas in the lunar array.
Consider the parameter space for SKA-LOW in figure 2 or 3, what is immediately noticeable is that a very small amount (18%) of the parameter space is covered even for the case where the source distance is relatively small and the conversion fraction is relatively large. This indicates that the spectral extrapolation must be almost flat. The specificity of the required extrapolation suggests detection is a somewhat marginal possibility.
For the lunar array with both N = 100 and N = 1000 antennas, when considering p = 10 −13 , it is clear that the parameter space is largely covered (roughly 99% for the case of 10 Mpc and the stronger conversion fraction and N = 100), implying that the possibility of detection is largely independent of the parameters. However, when the conversion becomes weak, i.e. p = 10 −16 , we start needing very specific values to make a detection probable. In the case of the smaller number of antennas, at 100 Mpc, detections are completely impossible. Although, the detectable parameter space for the weaker conversion at 10 Mpc has broad coverage, allowing for detections without being strongly reliant on the parameter values. Figure 4 shows the lower limit that can be placed on the scale M via non-observation with either radio array. We fixed p = 2 × 10 −14 , in agreement with an environment like the Coma cluster when M = M pl , and searched for the largest M such that 95% of the parameter space was covered at a confidence interval of 2σ. As the distance from the array increases, this coverage will drop as the parameter space shrinks with decreasing array sensitivity. Therefore, we see a decline in the mass fraction and the lower bound on M , producing poorer limits. This limit allows us to place constraints on the energy-scale of quantum gravity effects supposing a detection is not made with SKA-LOW or a lunar array. This also places limits on the interaction strength as it is inversely proportional to M . An interesting comparison may be made with the Lorentz invariance violation limits for gamma-ray bursts. The Lorentz invariance violations can be parameterized by E n , where E is the gamma-ray photon energy and n is an unknown parameter. When n = 1, it is shown that a maximum energy-scale of M 1 = 9.23 × 10 19 GeV [24] can be probed. This is nearly one order of magnitude bigger than the Planck mass M P l . We show here that SKA-LOW, although with weaker limits, may have M up to 10 −4 of the Planck mass, whilst, the lunar array provides competitive results when compared to the n = 1 case. For n = 2, the limits from Lorentz invariance violation are much weaker: that is M 2 = 1.3 × 10 11 GeV versus M = 1.998 × 10 13 GeV with SKA-LOW. Therefore, in both cases we are able to produce competitive non-observational limits on the energy-scale of quantum gravitational effects. We also note that Lorentz invariance violation limits strongly depend on the model-dependent parameter n, whereas our results don't have any unknown such dependence.
Conclusion
In the presented work, we have demonstrated that it is plausible to detect low-frequency radio counterparts to gravitational-waves, produced by a binary neutron star merger within 50 Mpc, using a lunar dipole antenna array. Radio telescopes are being planned and are expected to land on the moon by 2019. Experiments such as the Dark Ages Radio Explorer (DARE) and International Lunar Observatory Association (ILOA)'s science objectives are to study early universe physics. The results presented here demonstrate that such a lunar instrument will have the potential to probe the realm of quantum gravity at radio frequencies, using this mechanism of mixing between photons and low-mass bosons. It may even be possible to rule out or confirm the existence of the graviton. In particular, a non-observation of such a direct radio counterpart will place lower limits on the energy scale of putative quantum gravitational effects. These lower limits being competitive with Lorentz invariance violation experiments. With a sufficiently well characterized conversion environment and gravitational-wave event, the observation of these signals will allow one to infer the conversion probability and thus the characteristic energy scale of the interaction.
We have assumed that the photons being produced are made directly by conversion of gravitons into photons as the gravitational-waves pass through the Coma cluster ICM or through the IGM, for example. The advantage of this route is that we may even consider low-frequency radio counterparts coming from binary black hole mergers, which are currently believed to lack any associated electromagnetic counterparts. This is mainly due to lack of accretion processes surrounding the merger event. With the mechanism we consider here, accretion is not required and we may therefore gain knowledge about the elusive compact objects also. Figure 2: Detectability parameter space for the conversion of gravitons into photons using N = 1000 antennas. The left three plots are for the case of p = 10 −13 and the right three are for p = 10 −16 . As one moves vertically down, the fiducial distance increases: 10Mpc, 50Mpc, 100Mpc. Notice that the parameter space decreases in size as the distance decreases, as one might expect. SKA-LOW is represented by the blue/dark region and the lunar array by the green/light region. Figure 3 : Detectability parameter space for the conversion of gravitons into photons using N = 100 antennas. The left three plots are for the case of p = 10 −13 and the right three are for p = 10 −16 . As one moves vertically down, the fiducial distance increases: 10Mpc, 50Mpc, 100Mpc. Notice that the parameter space decreases in size as the distance decreases, as one might expect. SKA-LOW is represented by the blue/dark region and the lunar array by the green/light region. 
